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Applicability of Code Design Methods to RC Slabs on Secondary Beams. Part II: Moment Variations
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Abstract. Reinforced concrete slabs on secondary beams differ from two-way slabs on beams in the fact that the latter has vertical supports at the intersection of the beams whereas the former does not. In the absence of specific code provisions for the former, it is usually designed in accordance with the provisions developed for the latter. The numerical distributions of moments over five beam-slab systems with different beam to slab depth ratios are examined to assess the applicability of relevant code provisions for design.

Moments from the numerical analysis are employed to evaluate two assumptions.  First, the secondary beams are assumed rigid, and hence making the beam-slab systems similar to two-way slab on beams. Second, the secondary beams are assumed flexible, hence the systems are considered as single panels. The former representation shows that the error exceeds 200 % in positive bending moments. This means that slab on secondary beams should not be treated as the traditional two-way slab on beams. The latter representation shows that the beam-slab systems essentially behave as single panels. Accordingly, treating the entire floor as a single panel seems to be an essential element in devising a design methodology for this type of construction. 

Keywords: Reinforced concrete slabs, Design methods, Secondary beams, Beam-slab systems, Mathematical modeling, Codes of practice.

Introduction

Reinforced concrete slabs on secondary beams differ from two-way slabs on beams in the fact that the latter has vertical supports at the intersection of the beams whereas the former does not. Secondary beams may be constructed monolithically with large slab panels in order to increase the stiffness of the slab and reduce the slab thickness. A typical floor supported on secondary beams is presented in Fig. 1. 

For two-way slabs on beams, there are a number of code design methods that can be used [1]. Of relevance to this study, Marcus method (1929) is considered due to its wide use in a number of building codes; notably the ACI-318-63 [2] (Method 3), the Syrian code (1995) [3], and in a number of other international codes [4]. This method, similar to other methods that were developed based on approximate solutions of classical plate 
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problem, assumed rigid supports at plate ends. 

Nowadays, it is a common practice to use the plate-based code methods for secondary beam-slab systems with no modification to account for the flexibility of beams and the nonexistence of columns [5,6]. The Syrian Building Code (1995)[3] addresses this system directly by stating that slabs on crossing beams can be designed as regular two-way slabs on beams.

This paper assesses the applicability of Method 3 to a number of beam-slab systems with secondary beams through examining the distribution of moments in them, and comparing with that obtained from finite element modeling in the earlier study [1]. 

Rigid Versus Flexible Beams Problem

It is well known that the assumptions made or implied in a mathematical model determine the predicted response that may vary from the actual one. Accordingly, deficiency in the mathematical model may lead to deficiencies in the structural design by failing to satisfy design criteria regarding strength, serviceability, and economy.

 For two-way slabs on beams, the assumption regarding beam rigidity is a major factor that has a strong bearing on the resulting response and hence on the design criteria. The traditional approach is to consider the beam as rigid when the depth ratio of the beam to the slab (BSR) exceeds 3 [7]. According to the Swedish regulations [4,8] a beam may be considered rigid if BSR is in the range of 2.5 to 5, depending on the aspect ratio of the panel.

For slabs with secondary beams it is essential to evaluate if the forgoing values for BSR are sufficient criteria to ascertain rigidity of beams. Assuming rigidity for beams having BSR greater than 3 would require that moments in each sub-panel be computed by Method 3 using the sub-panel span s.  In other words, the floor would be treated as a continuous slab on rigid beams. By examining the distribution of moments over interior sub-panels bearing different values of BSR, this study evaluates correctness of this common assumption. 

On the other hand, beams may not be rigid as commonly assumed which will cause the predicted response to differ significantly from the correct response. Hence, the treatment of the beam-slab system as a continuous slab will be unacceptable. Assuming flexible beams may not solve the problem because there is no code method readily available for the analysis of slabs on flexible secondary beams. In fact, there is no much work on the distribution of moments in slabs with flexible secondary beams. Hence, examining the variations of moments over the entire panel should shed some light over the behavior and appropriate method of analysis of the assemblage. For this purpose, the floor will be treated as a single panel. 

This paper employed bending moments generated in part I of this study [1] for five beam-slab systems, (See Table 1) in which four of them have BSR of 2.6 to 5. The study of distribution of moments over panels by finite element modeling permits evaluation of the code provisions. The ACI-318-71 [9] provisions were evaluated through examining the elastic bending moment distribution within typical interior panels of reinforced concrete slabs [10]. 

Table 1. Details of slabs and secondary beams for the mathematical models

	Mathematical model 

designation
	Slab thickness
	beam width
	beam total depth
	BSR 

	
	hf ,

(mm)
	bw ,

(mm)
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	MM1
	320
	-
	-
	-

	MM2
	220
	400
	565
	2.6

	MM3
	180
	400
	585
	3.3

	MM4
	150
	400
	596
	4.0

	MM5
	120
	400
	604
	5.0


Treating the Floor as a Continuous Slab on Beams

As indicated earlier, the current practice treats slabs with secondary beams in a fashion similar to regular two-way slabs, which implies rigidity of secondary beams. The validity of this approach is evaluated by examining the distribution of the moments over the area BC24 of Fig. 2, which represents an interior sub-panel.
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Code moments over an interior sub-panel

 For a typical interior square panel, Method 3 of ACI-318-63 [2] gives the negative and positive values of the moment in the middle strip as follows:
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where w is the uniform dead load on the panel and s is the span of the panel. Defining absolute sum of the two moments of Eq. (1) as the static moment, M0, its magnitude over a unit width based on Method 3 is equal to 
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From Eqs. (1) and (2), it can be observed that the negative moment constitutes 71 % of the static moment, and it is more than twice the positive moment. 

Distribution of moments over an interior sub-panel

The theoretical distribution of the moments “My” in the middle strip (line BC3) of sub-panel BC24 is presented in Fig. 2 for models MM2 to MM5. The four curves show similar shape and tend to shift towards the negative direction as the BSR increases. For the most flexible beams, the strip of model MM2 (BSR=2.6) is entirely under positive moments, and for the least flexible beams of model MM5 (BSR=5) the strip has a negative moment at the support equals to the positive moment at the mid-span. The remaining curves are in between. Models MM2 and MM3 are dominated by positive moments while MM4 and MM5 have both negative and positive moments.
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The ratio of the end moment of the sub-panel to mid-span moment versus the BSR is plotted in Fig. 3 for moments My and Mx about x and y directions, respectively.  The figure reveals that for the same depth ratio the apportionment of moments to the two directions differs from each other. The difference in moment ratio may be attributed to the difference in the total length of the secondary beams over all the panels in a direction. Longer secondary beams (in the x-direction) are more flexible and thus the negative moment in the slab is less than in the case of shorter secondary beams (in the y-direction). From the results shown in Fig. 3, it can be concluded that the depth ratio is not a sufficient criterion to determine the moment apportionment to negative and positive moments. 

Assessments of elastic distribution versus code distribution

The percentage of error that would occur if Method 3 were used in designing an interior sub-panel was extremely high as presented in Table 2. The actual mid-span moment in the sub-panel is higher than the positive moment of Eq. 1 by about 400 % in MM2, 220 % in MM3, 130 % in MM4, and 80 % in MM5. As can be seen, the error decreases with increasing the BSR, nevertheless, it remains high for all BSR values.  The moments at the end of sub-panel differs not only in magnitude but also in the sign, which can lead to placing the reinforcement in the wrong location of the section. Only MM4 and MM5 have negative moments and the actual end-moment is lower than the negative moment of Eq. 1 by 60 % and 26 %, respectively. These results show conclusively that sub-panels should not be designed in accordance to plate-based methods such as Method 3 of ACI-318-63 [2].

Table 2. Distribution of My in the middle strip

	Designation
	M(-ve),

 (kN-m)
	M(+ve),

(kN-m)
	Total

(kN-m)
	Variation from MM1

(%)

	
	Slab
	beams
	slab
	beams
	
	

	MM1
	-307
	0
	293
	0
	600
	0.0

	MM2 
	-161
	-150
	105
	215
	631
	5.2

	Percentage
	52 %
	48 %
	33%
	67 %
	
	

	MM3 
	-116
	-192
	64
	273
	644
	7.4 

	Percentage
	38 %
	62 %
	19 %
	81 %
	
	

	MM4
	-88
	-217
	43
	304
	651
	8.5 

	Percentage
	29 %
	71 %
	12 %
	88 %
	
	

	MM5 
	-66
	-236
	29
	326
	656
	9.4 

	Percentage
	22 %
	78 %
	8 %
	92 %
	
	


The forgoing results indicate that the approach adopted by the current practice may render these floors deficient in positive reinforcement for all BSR values considered in this study. It may lead to an unacceptable level of cracking or even a catastrophic failure depending on the details of reinforcement.  Even with the relatively higher BSR values, the rigidities that are provided by these secondary beams are not sufficient to make Method 3 applicable. Hence, treating the floor as a continuous multi-panel slab did not show acceptable agreement with theoretical distribution.

It should be emphasized here that the significant discrepancy shown above does not imply errors in the plate-based methods. The solutions given by these methods maintained the assumption of rigid boundary. It seems that the misconception has arisen from the lack of proper documentation of basic assumption by the codes of practice that adopted these methods. Since codes of practice can be considered as a legal document, it is essential that proper conditions and restrictions be included. Of importance is the inclusion of a set of references to give the background materials on any method in the code for better education for engineers.

Treating the Floor as a Unified Single Slab Panel with  Beams

Now that the assumption of multi-panel continuous slab does not describe the beam-slab system of this study, it was important to consider different treatment for better understanding of the floor behavior. Considering the significant variations of moments all over the panel field, it became obvious that comparison of different beam-slab systems may not be productive without further manipulation. Accordingly, it was decided to select a middle strip in each direction where the moments were properly integrated from the slab and secondary beams. This approach is practical because it contains most of the slab moment and allows studying the longitudinal and transverse variation in the strip. It should be emphasized here that the width of the middle strip does not comply with code definition but solely governed by the locations of the secondary beams. Accordingly, the middle strip is considered separately for the sake of comparison.

The total static moment over the middle strip includes the absolute value of the average negative moments at the panel ends plus the positive moment. It is customary to compute the total static moment for the entire panel width and divide it among the middle and column strips as exemplified by the current design methods of ACI-318-95 [11]. However, this approach is complicated, for the beam-slab systems of this study, owing to the fact that at the edges there are two spans, while at the middle there is only one span. 

 For a systematic presentation of results, the floor is apportioned to a middle strip (center to center of edge sub-panels) and two edge strips in each direction. The distribution of moments was examined for the middle strip in both directions. It is of vital interest to show how the moment in the middle strip is apportioned among slab and beams, and as positive and negative moments. This question is addressed by comparing the moments in the middle strips of models MM2 to MM5 with the moments in the middle strip of model MM1.

Distribution of My in the middle strip in x-direction

Total middle strip moment variations

For the middle strip spanning along the x-axis, the variation of the total moments about y-axis ‘My’ of models MM1 to MM5 are presented in Fig. 4. The general shapes of the moment diagrams indicate that the floor is essentially acting as a single span panel despite the presence of secondary beams. The same figure reveals that the negative moments in the five models are approximately identical. Positive moments in models MM2 to MM5 are in close agreement among themselves. The positive moment zone is characterized by discontinuities due to the intersection with the orthogonal secondary beams. The variations in total moments are presented in Table 2 where the total moments increase slightly with increasing BSR from 5 to 9%. 
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Distribution of moments My of model MM2 (BSR=2.6)

To examine a floor with flexible beams, model MM2 is selected for comparison with MM1 as the reference case since it has no secondary beams. The variation of moments ‘My’ along the middle strip, in the x-direction, is presented in Fig. 5 for models MM2 and MM1. The moment diagram for MM2 is composed of the moment in the slab and moments in the two long secondary beams (along lines 2 and 4). 

At the edges, MM1 is under negative moments of 307 kN-m, while MM2 is under negative moment of 311 kN-m, of which 48 % is carried by the two secondary beams. The agreement between MM1 and MM2 is not only in the magnitude of the negative moment but also in the location of the inflection point. 

In the middle field, MM1 has a maximum positive moment of 293 kN-m at 3.6 m from the mid-span. Similarly, MM2 has a maximum positive moment of 320 kN-m at approximately 1.8 m from the mid-span where 67 % of it is from the beams and only 33 % from the slab. It can be observed that the beams contribute more in carrying positive moments than in carrying negative moments. It is important to observe that both the slab and beam moments share the same trend all over the span. 
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Distribution of moments My for models of high BSR

The breakdown of the distribution of moments for MM1 to MM5 is illustrated in Table 2. It can be observed that the contribution of beams in carrying negative moments increases with BSR from 62 % for MM3 to 78 % for MM5. The contribution in carrying positive moments varies from 81 % for MM3 to 92 % for MM5. 

While the bending moment diagram in the middle field of the span is entirely positive for beams for all BSR values, the slab moment diagram shows some negative moments over the supports for BSR values above 3.2. 

Slab moments 

 The maximum negative moment in the slab is obtained in MM5, which can be as high as the positive moment in the slab as shown in Fig. 3. However, the negative moment in slab in the middle field extends along portion of the crossing beam only. This can be illustrated by examining the lateral variation of slab moments ‘My’ over the crossing beam on line B as presented in Fig. 6. The moments are positive for MM2 to MM5 at stations –1.8 m and 1.8 m that represent the long secondary beams along lines 2 and 4, respectively. The regions between longitudinal secondary beams, as demonstrated by stations – 3.6m, 0 m, and 3.6 m, are dominated by negative moments for MM4 and MM5. Hence, despite the fact that the net moment ‘My’ in model MM5 is negative over line B, the presence of both negative and positive moments over the same line needs to be considered in the design to avoid possible serviceability cracking. 


Distribution of Mx in the middle strip in y-direction

Total moment variations

Similar to the procedure followed for My, the moments from the slab and secondary beams were combined in order to compare them with the slab moment of MM1. The results indicated that the shape of the combined moments was similar for all models. The four models with secondary beams showed higher negative and positive moments than MM1. The percentage of increase in the static moment varies from 18 % for MM2 to 29 % for MM5 as shown in Table 3. The large increase in the total static moments in the middle strip can be attributed to the presence of the central beam, which is connected directly to the edge columns.  

Distribution of moments ‘Mx’ of model MM5 (BSR=5)

Model MM5 has the least flexible beams and it is selected for comparison with MM1. The variation of moments ‘Mx’ in y-direction along the middle strip is presented 
Table 3: Distribution of Mx (kN-m) in the middle strip

	Designation
	Mx(-ve)

(kN-m)
	Mx(+ve)

(kN-m)
	Total

(kN-m)
	Variation from MM1

(%)

	
	Slab
	beams
	slab
	beams
	
	

	MM1 
	-578
	0
	680
	0
	1258
	0.0

	MM2
	-229
	-432
	235
	594
	1490
	18.4 

	Percentage
	35 %
	65 %
	28 %
	72 %
	
	

	MM3
	-162
	-510
	138
	747
	1556
	23.7 

	Percentage
	24 %
	76 %
	16 %
	84 %
	
	

	MM4
	-122
	-554
	88
	828
	1593
	26.6 

	Percentage
	18 %
	82 %
	10 %
	90 %
	
	

	MM5
	-93
	-584
	56
	885
	1618
	28.6 

	Percentage
	14 %
	86 %
	6 %
	94 %
	
	


in Fig. 7 for MM5 and MM1. The moment diagram for MM5 is composed of the moment in the slab and moments in the three secondary beams along lines B, C, and D. 

At the edges, MM1 is under negative moments of 578 kN-m, while MM5 is under negative moment of 678 kN-m, of which 86 % is the share of the three secondary beams. The moment of MM5 is higher than MM1 by 17 %, which is unlike the moments in the other direction where the negative moments are approximately of equal magnitude. The two diagrams agree in the location of the inflection point, however, the components of MM5 have different inflection point locations.  Most of the negative moment (62 %) of MM5 is carried by the central beam, which frames into the edge column. 

In the middle field, MM1 has a maximum positive moment of 680 kN-m at the mid-span. Similarly, MM5 has a maximum positive moment of 940 kN-m at the mid-span where 94 % of it is from the beams. The positive moment of MM5 is significantly higher than that of MM1 by 38 %. Similar in trend (but not in magnitude) to the previous case (My-MM2), the beams contribute more in carrying positive moments than in carrying negative moments. 

Unlike the case of most flexible beams, the moment diagram for the slab shows the effect of supporting beams in inducing negative moments over the support. It illustrates the discrepancy in trend between beam moment diagram and slab moment diagram. The beams show single span behavior while the slab shows multi-span behavior. However, the slab moment is significantly small; it constitutes, as an average value, only 9 %of the total moment in the middle strip. 

Distribution of moments for models of low BSR

The breakdown of the distribution is illustrated in Table 3. It shows that slab share and beam share are different in positive than in negative. Beams carry the majority of moments for MM2 to MM5. Their contribution in the mid-field is larger than their contribution at the end-field.

Similar to the distribution of My in the x-direction, the bending moment diagram in the middle field of the span is entirely positive for beams for all BSR values. However, the slab moment diagram shows some negative moments over the supports for BSR >3.8. 

Difficulties in Applying Method 3 to Isolated Floors

As indicated earlier, it is reasonable to design MM1 in accordance with plate-based code methods such as Method 3 of the ACI-318-63 [2]. The first step in the application of Method 3 is to select the appropriate set of coefficients that match the boundary conditions and the aspect ratio of the panel. Regarding the boundary conditions, the method recognizes only hinge or fixed supports. Partial fixity is not accounted for in the method. Hence, engineers may use qualitative interpolation to obtain some intermediate values. 

Code coefficients

For the beam-slab systems of this study, the edge beams and columns provided substantial partial fixity. This characterization should remain in effect while considering the hinge and fixed cases. For an aspect ratio of (0.75), the code coefficients in the short direction are as follows: (+0.061) for the hinged case; (-0.069) and  (+0.028) for the fixed case. The coefficients in the long direction are as follows: (+0.019) for the hinged case; (-0.022) and  (+0.009) for the fixed case. By appropriate summation of negative and positive coefficients, one finds that the coefficients for static moment are (0.097) in the short direction and (0.031) in the long direction. 

Coefficients from elastic analysis

From the finite element results of this study, the static moment coefficients can be computed from the given distribution of moments as:
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where l1 is the center-to-center span, l2 is the width of the middle strip, w is the uniform applied load, and M is the total static moment along l1. Substituting the appropriate values, one can get a set of values for  in the short and long directions as shown in Table 4.  

Table 4. Static moment coefficients and negative moment percentages for short and long directions in the middle strips

	Beam-slab system designation
	Static moment coefficients
	Negative-to-static moment percentage

	
	Long Dir.,
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	Short Dir.
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	Long Dir.

(%)
	Short Dir.,

(%)

	MM1
	0.027
	0.067
	51
	50

	MM2
	0.028
	0.079
	49
	44

	MM3
	0.029
	0.082
	48
	43

	MM4
	0.029
	0.084
	47
	42

	MM5
	0.029
	0.086
	46
	42

	Code value-hinged
	0.019
	0.061
	0
	0

	Code value-fixed
	0.031
	0.097
	71
	71


Assessment of the applicability  of code methods

There are three items that need to be verified in order to determine the applicability of the methods: prediction of the total static moment, a reasonable apportionment to negative and positive moments; and a systematic distribution of the moments to slab and secondary beams. 

Total static moment

The total static moment from Method 3 differs, depending on whether the panel is fixed or hinged. No consideration is given for partially fixed panels. This is a serious challenge if a similar set of coefficients is to be used to this type of construction. The results shown in Table 4 indicate that computed coefficients for beam-slab systems MM1 to MM5 are within the boundary limits of hinged and fixed cases. The variations in the static moment coefficients in the long direction are minimal. The coefficients are closer to the upper bound, which may indicate a higher level of partial fixity. On the other hand, these variations in the short direction are higher than the variations in the long direction. The coefficient for model MM1 is closer to the hinge case while the coefficient for MM5 is closer to the fixed case. It is believed that this high range of variation is caused by the central secondary beam, which frames into a large column making it capable of altering the distribution. In summary, the total static moment in the middle strip depends on the level of fixity of the panel. Accordingly, there is a need to study some intermediate levels of partial fixity if such a coefficient method is desirable for single panel analysis and design.

Apportionment of negative and positive moments

The apportionment of negative and positive moments for the beam-slab systems of this study shows relatively a limited range of variability. In the long direction, the negative moments at the end field constitute from 51 % of the static moment for MM1 to 46 % for MM5, as shown in Table 4. For a fixed panel, the code value is 71 % as can be concluded from the coefficients cited earlier (0.022/(0.022+0.009)). In the short direction, the percentages of negative moments to total moments vary from 50 % for MM1 to 42 for MM5. The code value for a fixed panel in the short direction is (0.069/(0.069+0.028)), which amounts to 71% of the static moment. These numbers can give some indication to the degree of fixity in the beam-slab systems considered in this study. On the average, the degree of partial fixity may be deduced from the average percentage of negative moments to the code value for a fixed panel. Hence, we may estimate that the level of fixity of the slab-system is about 60 percent.

Moments carried by secondary beams 

The third issue in the distribution of moments concerns with the amount of moment taken by the secondary beams. Fig. 8 indicates that the secondary beams carry more positive moments than negative moments. The amount increases with increase in the beam-slab depth ratio. Secondary beams in the short direction have more contribution than the beams in the long direction. For the same beam-slab depth ratio, the share of the beams can vary upto 25 % depending on the direction and sign of the moment. 

The foregoing results have pointed to a number of issues pertinent to isolated slab panels with secondary beams. The distribution of moments in an isolated panel may not be defined with certainty from code methods such as Method 3. Plate-based methods do not recognize partial fixity in slab panels. Thus, neither the total moment in the middle strip of a panel nor the apportionment to positive and negative can be easily determined. The allotment of the moments to slab and beams can add to the complexity of the problem. 


Summary and Conclusion

This paper studied the distribution of moments over a number of slabs with beams of varying BSR from 2.6 to 5 in order to examine the validity of the two alternative assumptions regarding rigidity of beams.  The rigid beam assumption, which is very common, leads to treating the slab as continuous panels and allows employing the code coefficients. On the other hand, the flexible beam assumption, rarely used, implies treating the slab as a single panel, but there is no code method for moment distributions. 

Five beam-slab models, namely MM1 to MM5, were numerically investigated using a finite element program assuming linear elastic behavior.  Models MM2 to MM5 had internal secondary beams of equal spacing in both perpendicular directions resulting in twelve sub-panels. Columns are located only at the perimeter of the beam-slab systems due to architectural considerations and their positions on some sides may as well be subjected to some restrictions.  Based on the models investigated under the assumption stated, a number of observations and conclusions can be drawn:

1) Treating a beam-slab system (without columns at interior beam intersection) as a continuous slab on rigid beams and applying Method 3 can induce errors in mid-span moment in the range of 400% to 80% as BSR varies from 2.6 to 5. The stiffness of a secondary beam can not be determined by BSR alone without considering the span length and the end conditions. It is, therefore, important that codes of practice make a distinction between two-way slab on beams and two-way slab with secondary beams to avoid misinterpretations.

2)  Beam-slab systems with flexible secondary beams behave essentially as unified single panels where a substantial part of the moments is carried by the beams, while the remaining by the slab. The slab share decreases with the increase in BSR. Unlike the beams, which are dominated by positive moments in the middle field, the slab may be subject to negative moments at some locations over the supporting secondary beams. 

3) When treating the floor as a unified single panel with flexible beams, the applicability of Method 3 to predict the moments in the middle strip is complicated by the partial restraints provided by the edge beams and columns. 

4) The share of moments carried by the secondary beams can not be determined merely on the basis of BSR. The results indicate that beam's share of positive moments is different from that of negative moments for the same BSR. Moreover, beam's share in the long direction is different from those in the short direction for a constant value of BSR.

5) Edge beams and columns can provide substantial restraints, thus partial rotational fixity need to be considered in the analysis and design of isolated floors. 

It is recommended that further studies be conducted to address some of the issues raised in this study in order to give design guidelines similar to those for other types of slabs. Such future studies need to take into consideration different practical dimensions for the floors and members to account for variety of stiffnesses and restraints. Nonlinear analysis is also needed to see to what degree it confirms or modifies the linear results. 
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قابلية تطبيق طرق الكود التصميمية على البلاطات الخرسانية المسلحة 

والمرتكزة على كمرات ثانوية- الجزء الثاني: تغيرات العزوم

أحمد بخيت  شريم

قسم الهندسة المدنية ، كلية الهندسة ، جامعة الملك سعود ، ص . ب  800 
 الرياض  11421 ، المملكة العربية السعودية
( قدم للنشر 06/06/2001م،وقبل للنشر في 13/02/2002م )

ملخص البحث. البلاطات الخرسانية المسلّحة المدعومة بكمرات ثانوية تختلف عن البلاطات ثنائية الاتجاه المدعومة بكمرات في كون النظام الأخير توجد له  دعامات رأسية عند تقاطع الكمرات، على خلاف الأول.  وفي ظل غياب اشتراطات متعلقة بالنظام الأول  في الكود، فإن هذا النوع من البناء يصمم عادة حسب الاشتراطات الخاصة بالنظام الثاني. ومن أجل تقويم مدى قابلية تطبيق الاشتراطات التصميمية فقد تم فحص التوزيع العددي  للعزوم في خمسة نظم من البلاطات ذات كمرات وسماكات مختلفة.

تم استخدام العزوم من التحليل العددي لتقويم فرضيتين. ففي الفرضية  الأولى، أعتبرت الكمرات الثانوية متصلبة وبالتالي يصبح النظام الإنشائي مشابها للبلاطات الثنائية الاتجاه المدعومة بكمرات. وفي الفرضية الثانية، أعتبرت الكمرات الثانوية لدنة وبالتالي يصبح النظام كبلاطة واحدة. وقد اتضح من التحليل أن الفرضية الأولى تتسبب في أخطاء تتجاوز 200% في حسابات العزوم الموجبة مما يدل على عدم ملائمة هذه الفرضية. أما الفرضية الثانية فتدل على أن النظام فعليا يتصرف كبلاطة واحدة. وبناء على ذلك، فإن نظام البلاطات المدعوم بكمرات ثانوية يجب أن ينظر إليه كبلاطة واحدة عند العمل على استنباط طرق لتصميم هذا النوع من المنشآت. 
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  Fig. 1. RC floor on secondary beams.
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Fig. 2. Distribution of sub-panel moment, My, along line BC3 for MM2 to MM5.
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Fig. 3. Ratio of end to mid moments along centerlines of sub-panel B-C-2-4 for MM2 to MM5.
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Fig. 4. Distribution of total middle strip moments (My) in the x direction for MM1 to MM5.
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Fig. 5. Distribution of middle strip moments (My) in the x direction for MM2 and MM1.
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Fig. 6. Distribution of slab moments (My) along line B (y-direction) for MM1 to MM5.
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Fig. 7. Distribution of middle strip moments (Mx) in the y direction for MM5.
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Fig. 8. Effect of BSR on the percentage of middle strip moments carried by secondary beams for MM2 to MM5.
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